US010971817B2

a2 United States Patent (10) Patent No.:  US 10,971,817 B2
Rodriguez De Luis et al. 45) Date of Patent: Apr. 6, 2021
(54) ANTENNA-TO-BEAMFORMER (58) Field of Classification Search
ASSIGNMENT AND MAPPING IN PHASED None
ARRAY ANTENNA SYSTEMS See application file for complete search history.
(71) Applicant: Space Exploration Technologies (56) References Cited

Corp., Hawthorne, CA (US) U.S. PATENT DOCUMENTS

(72) Inventors: Javier Rodriguez De Luis, Redmond,

5,838,284 A * 11/1998 Dougherty ............... HO01Q 3/26
WA (US); Robert Baummer, Jr., oueeTy 34%/893
Redmond, WA (US); Nil Apaydin, 9379437 Bl 6/2016 Stutzke et al.
Redmond, WA (US); Alireza (Continued)

Mahanfar, Redmond, WA (US)

(73) Assignee: Space Exploration Technologies OTHER PUBLICATIONS
Corp., Hawthorne, CA (US) International Search Report and Written Opinion dated Jun. 7, 2019,

issued in corresponding International Application No. PCT/US2019/
(*) Notice: Subject to any disclaimer, the term of this 018077, filed Feb. 14, 2019, 10 pages.

patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 0 days.

Primary Examiner — Jany Richardson

(21)  Appl. No.: 16/276,347 (74) Attorney, Agent, or Firm — Polsinelli P.C.
(22) Filed: Feb. 14, 2019 (57) ABSTRACT
(65) Prior Publication Data In one embodim.ent of the present di§closure, a phased array
antenna system includes a first portion carrying an antenna
US 2019/0252774 A1~ Aug. 15, 2019 lattice including a plurality of antenna elements, wherein the
plurality of antenna elements are arranged in a first configu-
Related U.S. Application Data ration, a second portion carrying a beamformer lattice
o o including a plurality of beamformer elements, wherein the
(60) Provisional appl.lc.atlon No. §2/ 631,207, filed on Feb. plurality of beamformer elements are arranged in a second
15, 2018, provisional application No. 62/631,195, configuration different from the first configuration, and a
filed on Feb. 15, 2013. third portion disposed between the first portion and the
second portion carrying at least a portion of a mapping
(51) Int. CL including a first plurality of mapping traces on a first surface
H01Q 3730 (2006.01) providing at least a portion of the electrical connection
HO1Q 1/38 (2006.01) between the plurality of antenna elements and the plurality
HO1Q 3/26 (2006.01) of beamformer elements, wherein each of the plurality of
(52) US. CL antenna elements are electrically coupled to one of the
CPC ....ccoeonueue HO01Q 3/30 (2013.01); HOIQ 1/38 plurality of beamformer elements.
(2013.01); HO1Q 3/267 (2013.01); HOIQ
3/2658 (2013.01) 41 Claims, 23 Drawing Sheets

I
[T IE T v— o b3
{ Laitce i W Letiice i

RX (NO INTERSPERSING}

RY~ o~ R

. 236 20 s
Bt B 2 T3

!
o ey COMBINER  toers)
+- Distributor { i ! S :

MAFPIRG
15T SURFACE

o ) i
Combiner (¢ i 4
il I B 225/

Woiiatar
or

,,,,,,,,,, .. A
MAPRS
2N SURFAGE

[
I
§ O RF DEMROULATOR
a3

[ — A
Tronsotting Signais



